Ebola virus (EBOV), a negative-stranded RNA virus in the family Filoviridae, can cause hemorrhagic fever in humans. Ebola viruses are subdivided into 4 species, *Zaire ebolavirus* (ZEBOV), *Sudan ebolavirus* (SEBOV), *Côte d'Ivoire ebolavirus* (CIEBOV), and *Reston ebolavirus* (REBOV) \[[@bib1], [@bib2]\]. *Bundibugyo ebolavirus* (BEBOV) has been proposed as a fifth species \[[@bib3]\]. Outbreaks of ZEBOV, SEBOV, and BEBOV hemorrhagic fever occur sporadically in Africa and are associated with case-fatality rates of up to 90% \[[@bib2], [@bib4]\]. REBOV is an Asian EBOV that might not be pathogenic for humans but induces hemorrhagic fever in experimentally infected macaques \[[@bib2], [@bib5]\].

The glycoprotein (GP) of EBOV mediates viral entry into host cells. EBOV exhibits a broad cell tropism \[[@bib1], 6--8\], but the cellular receptor(s) used by GP for viral entry is unknown. Cleavage of GP by cellular proteases upon viral uptake into target cells is thought to be essential for infectious viral entry \[[@bib9]\], whereas the functional relevance of GP cleavage by subtilisin-like proteases in the secretory pathway of infected cells is unclear \[[@bib10], [@bib11]\]. Notably, GP has functions beyond mediating viral entry. Thus, EBOV-GP augments budding of viral particles \[[@bib12], [@bib13]\], which is driven by the viral matrix protein, VP40 \[[@bib14], [@bib15]\]. In addition, ZEBOV-GP has been shown to counteract the interferon-induced antiviral factor tetherin, which otherwise inhibits release of VP40-based virus-like particles \[[@bib16]\]. Finally, GP interferes with the expression of cellular adhesion molecules and thereby induces detachment of cells from culture flasks \[[@bib17]\]. It has been proposed that this activity could contribute to EBOV pathogenesis \[[@bib17], [@bib18]\], but this hypothesis has been refuted \[[@bib19]\].

EBOV is transmitted from an animal reservoir, most likely bats, to humans or other end hosts, such as gorillas \[[@bib20]\], either directly or via an intermediate host. EBOV sequences or EBOV-specific antibodies have been detected in African fruit bats, specifically in the species *Hypsignathus monstrosus, Epomops franqueti,* and *Myonycteris torquata,* and it has been suggested that these animals might constitute the natural reservoir of EBOV \[[@bib21]\]. In addition, antibodies against EBOV were detected in *Eidolon helvum* and other fruit bat species \[[@bib22], [@bib23]\]. Experimental and natural infection did not seem to induce apparent signs of disease \[[@bib22], [@bib24]\], indicating that EBOV might be nonpathogenic in potential reservoir species, likely because of virus-host adaptation.

Here we examine and compare the in vitro interactions of EBOV-GP with human cells with the interactions with cells from African fruit bats. Specifically, we tested the hypotheses that susceptibility to EBOV infection of bat species might be determined at the stage of viral entry and that EBOV-GP interacts differentially with human and bat cells, thereby contributing to the differential pathogenicity of EBOV in these species. Such a scenario would not be unparalleled, considering that interactions of the severe acute respiratory syndrome (SARS)--coronavirus spike-protein with its receptor, ACE2, are thought to be a major determinant of the viral cell and species tropism and of viral pathogenicity \[[@bib25]\]. We found that GP generally displayed similar biological properties in human and bat cells. In addition, we observed efficient ZEBOV-GP--mediated infectious entry into bat cells from potential reservoir and nonreservoir species, indicating that susceptibility of bat species to EBOV infection is not determined by GP-receptor interactions.

METHODS
=======

Cell Culture
------------

Cultivation and transfection of 293T, HeLa, BHK-21, and Vero E6 cells has been described elsewhere \[[@bib26], [@bib27]\]. Bats were caught in Ghana and Germany under valid licenses from the Ghanaian Forestry Commission and Veterinary Services Directorate, as well as the German Ministry of the Environment. Animals were typed morphologically and genetically as described by Vallo et al \[[@bib28]\]. Cell lines used in this study stemmed from the African fruit bats *Epomops buettikoferi* (cell line EpoNi/22.1, adult kidney-derived), *H. monstrosus* (cell line HypNi/1.1, fetal kidney derived; cell line HypLu/45.1, fetal lung derived), and *Rousettus aegyptiacus* (cell line RoNi/7.1, adult kidney derived), as well as the European insectivorous bat *Myotis daubentonii* (cell line MyDauLu/47.1, adult lung-derived). For the generation of these cell lines, primary cells were cultured, immortalized, and cloned essentially as described \[[@bib29]\].

Plasmids
--------

The pcDNA6 plasmids expressing SEBOV-GP and ZEBOV-GP have been described elsewhere \[[@bib17]\]. The pcDNA3.1 plasmids encoding CIEBOV-GP and REBOV-GP were generated using the restriction sites HindII and XbaI. Note that pcDNA6 and pcDNA3.1 share the same promoter. The pCAGGS plasmids \[[@bib30]\] encoding EBOV-GPs with a C-terminal V5-tag were generated using the following restriction sites: SEBOV-GP and ZEBOV-GP (KpnI, NheI), CIEBOV-GP (EcoRI, NheI), REBOV-GP (EcoRI, XhoI). The plasmids encoding EYFP fused to the C-terminus of ZEBOV- and REBOV-GP were generated using pEYFP-N1 \[[@bib31]\] and the NheI, AgeI and XhoI, SacII restriction sites, respectively. The p96ZM651gag-opt plasmid encoding human immunodeficiency virus type 1 Gag (p55) has been described elsewhere \[[@bib32]\]. The pCR3.1 plasmids encoding VP40-c-myc, VP40-EGFP, and human tetherin have been described elsewhere \[[@bib33], [@bib34]\]. The plasmid encoding for replication-incompetent recombinant vesicular stomatitis virus (VSV\*ΔG-Luc) was generated by replacing the gene encoding the glycoprotein (VSV-G) with the gene encoding enhanced green fluorescent protein (EGFP) followed by the gene encoding firefly luciferase.

Antibodies
----------

An anti-p24 hybridoma supernatant (183-H12-5C) was used for p55-Gag detection \[[@bib35]\]. For detection of V5-tagged EBOV-GP, a mouse anti-V5 antibody (Invitrogen) was used. A mouse anti-c-myc antibody (Biomol) was used to detect VP40-c-myc. Secondary antibodies were purchased from Dianova. For loading controls, anti--β-actin antibodies (Sigma) were used.

Analysis of the Release of Virus-like Particles
-----------------------------------------------

To analyze the effect of EBOV-GPs on VP40-driven release of virus-like particles, 293T and EpoNi/22.1 cells were transfected with plasmids expressing VP40-c-myc and EBOV-GPs at a ratio of 1:1 (3 μg each). Then, 48 hours after transfection, supernatants were cleared from debris by centrifugation and subsequently concentrated through a 20% sucrose cushion by centrifugation at 21 000 × *g* for 2 hours. Concentrated supernatants and pellets from virus-like particle--producer cells were harvested in sodium dodecyl sulfate**--**loading buffer and analyzed by Western blotting.

Flow Cytometry
--------------

The number of cells in the supernatant of 293T or EpoNi/22.1 cells transfected with the different EBOV-GPs was counted using a Cytomics FC500 flow cytometer (Beckman Coulter). For this, the supernatant of 1 well of a 12-well plate (1 mL) was harvested and concentrated to a volume of 200 μL. Cells were then washed, and each sample was measured for the same time period (110 sec) in the "high flow" setting.

Fluorescence Microscopy
-----------------------

HeLa, EpoNi/22.1, and MyDauLu/47.1 cells were transfected with plasmids expressing ZEBOV- and REBOV-GP-EYFP or VP40-EGFP fusion protein. Then, 48 hours after transfection, cells were fixed with 4% paraformaldehyde and washed with 1 × phosphate-buffered solution, and nuclei were counterstained with 4\',6-diamidino-2-phenylindole. Images were acquired using the Zeiss Observer Z1 microscope.

Production of Pseudotypes
-------------------------

For preparation of VSV pseudotypes, BHK-21 cells were transfected with EBOV-GP or VSV-G expression plasmids or empty vector, washed, and infected with a previously described replication-deficient VSV, complemented with VSV-G \[[@bib27]\] at a multiplicity of infection (MOI) of 3. After 1 hour the inoculum was removed, the cells were washed, and residual helper virus was neutralized with a polyclonal rabbit anti-VSV serum. Subsequently, the cells were washed again and fresh medium was added. At 24 hour after infection, the supernatant, containing VSV pseudotypes, was collected and clarified by centrifugation at 600 × *g*. To normalize the different VSV pseudotypes to comparable titers, Vero E6 cells were infected with 10-fold serial dilutions of the clarified supernatants. Infection efficiency was monitored by assessing luciferase and GFP expression, and the different pseudotypes were subsequently diluted in minimum essential medium to reach the luciferase activity of the least infectious construct.

ZEBOV Infection Experiments
---------------------------

All cell lines were seeded in 6-well plates and infected in duplicate with ZEBOV (Kikwit strain) at an MOI of 0.1 for 1 hour. Subsequently, cells were washed twice with medium, 3 mL of fresh medium was added, and the cells were incubated at 37°C. Samples (250 μL) were taken at various time points after inoculation, and the removed medium was replaced by an equal amount of fresh medium. ZEBOV titers were determined by means of endpoint titration in Vero E6 cells, essentially as described \[[@bib36]\]. All work with infectious ZEBOV was performed in the high-containment facility (BSL4) at the Integrated Research Facility, Division of Intramural Research, National Institute of Allergy and Infectious Diseases, National Institutes of Health, in Hamilton, Montana.

RESULTS
=======

The Ebola Virus Glycoprotein Is Efficiently Cleaved in Human and Bat Cells
--------------------------------------------------------------------------

The EBOV-GP is synthesized as a precursor protein, GP0, which is cleaved by subtilisin-like pro-protein convertases in the secretory pathway of infected cells \[[@bib37]\]. We compared cleavage of ZEBOV-, SEBOV-, CIEBOV-, and REBOV-GP in the human embryonic kidney cell line 293T and in EpoNi/22.1 kidney cells derived from *E. buettikoferi*, a member of the same bat genus as the potential EBOV reservoir species *E. franqueti* (the EpoNi/22.1 cell line was chosen because of reasonable transfection efficiency, compared with other bat cell lines tested). For this, we transfected the cell lines with expression plasmids encoding EBOV-GPs equipped with a C-terminal V5-tag and assessed GP cleavage by Western blot. If GP is efficiently cleaved, mainly the transmembrane unit GP2 should be detected, whereas if cleavage is inefficient, mainly the precursor protein GP0 should be detected. Expression of all GPs was detected in transfected 293T and EpoNi/22.1 cells ([Figure 1](#fig1){ref-type="fig"}), although expression in the latter cells was less efficient, as a result of reduced transfection efficiency (70%--80% for 293T cells vs 20%--30% for EpoNi/22.1 cells). Expression efficiency among GPs varied, with ZEBOV-GP and SEBOV-GP being more robustly expressed than CIEBOV-GP and REBOV-GP ([Figure 1](#fig1){ref-type="fig"}). All GPs were cleaved in 293T and EpoNi/22.1 cells, and no difference in cleavage efficiency was apparent between these cell lines. However, marked differences in cleavage efficiency were observed between EBOV-GPs. Thus, ZEBOV- and SEBOV-GP were almost fully cleaved, whereas a large proportion of CIEBOV- and particularly REBOV-GP remained uncleaved ([Figure 1](#fig1){ref-type="fig"}). In sum, GP cleavage does not seem to differ between the tested bat and human cells and only the GPs derived from ZEBOV and SEBOV are cleaved efficiently.

![Cleavage of Ebola virus glycoproteins (EBOV-GPs) by subtilisin-like proteases in human and bat cells. We transfected 293T cells and EpoNi/22.1 cells with pCAGGS plasmids encoding the indicated V5-tagged EBOV-GPs or empty pCAGGS plasmid (Mock). Cells were harvested at 48 h after transfection. EBOV-GP expression in cell lysates was determined using anti-V5 antibody. Detection of β-actin served as loading control. Similar results were obtained in 3 independent experiments and with Hela, HypNi/1.1, and MyDauLu/47.1 cells. CIEBOV, *Côte d'Ivoire ebolavirus;* REBOV, *Reston ebolavirus;* SEBOV, *Sudan ebolavirus;* ZEBOV, *Zaire ebolavirus.*](infdisjir306f01_ht){#fig1}

The EBOV Glycoprotein Augments Particle Release in Human and in Bat Cells
-------------------------------------------------------------------------

The matrix protein VP40 of EBOV drives assembly and egress of progeny particles from infected cells \[[@bib14], [@bib15]\]. Expression of VP40 alone is sufficient to induce release of virus-like particles, and release can be augmented by coexpression of GP \[12--15\]. We investigated whether GP enhanced the release of VP40 from human 293T cells and bat EpoNi/22.1 cells. Expression and release of VP40 was detectable in both 293T and EpoNi/22.1 cells. The generation of 2 forms of VP40 was likely due to use of an internal AUG codon in the VP40 open reading frame \[[@bib15]\]. Coexpression of VP40 with EBOV-GPs augmented the release of VP40 relative to that in cells transfected with empty plasmid instead of a GP-encoding plasmid (Mock), despite the presence of comparable amounts of GP in cell lysates ([Figure 2](#fig2){ref-type="fig"}). Thus, GP might augment particle release in infected humans and bats, and the ability to augment release seems to be conserved between the GPs of all EBOV species.

![Ebola virus glycoproteins (EBOV-GPs) enhance budding of VP40-based virus-like particles (VLPs) in human and bat cells. We cotransfected 293T and EpoNi/22.1 cells with a VP40-c-myc expression plasmid and the indicated EBOV-GP-V5 expression plasmids or empty vector (Mock). Expression of VP40 in cell lysates and supernatants was detected using an anti-c-myc antibody. Detection of β-actin served as loading control. Similar results were obtained in 3 independent experiments. CIEBOV, *Côte d'Ivoire ebolavirus;* REBOV, *Reston ebolavirus;* SEBOV, *Sudan ebolavirus;* ZEBOV, *Zaire ebolavirus.*](infdisjir306f02_ht){#fig2}

Ebola Virus Glycoproteins Induce Detachment of Human and Bat Cells
------------------------------------------------------------------

Expression of EBOV-GPs was shown to induce rounding and detachment of human cells from culture dishes \[[@bib17], [@bib18]\]. The ability to induce cell rounding and detachment correlated with the viral pathogenicity in humans, with ZEBOV- and SEBOV-GP but not REBOV-GP being able to efficiently trigger rounding of GP-expressing cells \[[@bib18]\]. We assessed whether GP expression induced detachment of 293T and EpoNi/22.1 cells. Quantification of cells present in the supernatant of transfected cultures showed that ZEBOV-GP, SEBOV-GP, and REBOV-GP were able to induce detachment of 293T cells, whereas CIEBOV-GP was inactive ([Figure 3](#fig3){ref-type="fig"}*A*). In EpoNi/22.1 cells, detachment was observed upon expression of all GPs tested, with ZEBOV-GP being most active ([Figure 3](#fig3){ref-type="fig"}*B*). Because the results obtained for 293T cells did not match those previously published \[[@bib17]\], we asked whether differences in GP expression levels might be the cause. To investigate this, we cloned all EBOV-GP sequences in commonly used pcDNA plasmids and compared GP expression by pcDNA plasmids (used in the previous study) with expression by pCAGGS plasmids \[[@bib30]\], which have been used throughout the present study. Expression of REBOV-GP and CIEBOV-GP upon transfection of pcDNA plasmids was barely detectable, whereas expression of these GPs was readily detected in cells transfected with pCAGGS plasmids ([Figure 3](#fig3){ref-type="fig"}*C*). Notably, when cell detachment was analyzed with the pcDNA plasmids containing GP, ZEBOV-GP and SEBOV-GP were active whereas REBOV-GP was not ([Figure 3](#fig3){ref-type="fig"}*D*), in agreement with published data \[[@bib17], [@bib18]\]. These results show that GP-induced cellular detachment does not differ markedly between human and bat cells. In addition, our findings suggest that previously noted differences between the ability of ZEBOV- and REBOV-GP to induce cell rounding might have been due to differences in expression levels.

![Expression of Ebola virus glycoproteins (EBOV-GPs) induces detachment of human and bat cells. *A,* 293T cells were transfected with pCAGGS plasmids encoding EBOV-GP-V5 or empty pCAGGS plasmid (Mock), and the number of cells in the culture supernatant was counted at 48 hours after transfection via fluorescence-activated cell sorting. The mean of 12 independent experiments is shown. Error bars indicate standard error of the mean (SEM). *B*, EpoNi/22.1 cells were transfected with pCAGGS plasmids encoding EBOV-GP-V5, and the number of cells in the supernatant was counted as described in *A*. The mean of 11 independent experiments is shown. Error bars indicate SEM. *C,* 293T cells were transfected with pCAGGS or pcDNA plasmids encoding EBOV-GPs with C-terminal V5 tag and treated as in Figure 1. *D,* 293T cells were transfected with pcDNA plasmids encoding EBOV-GP-V5, and the number of cells in the supernatant was counted as in *A*. The mean of 11 independent experiments is shown. Error bars indicate SEM. Asterisks indicate statistically significant differences (*P* \< .05) relative to mock as determined by means of 2-tailed Student *t* test. CIEBOV, *Côte d'Ivoire ebolavirus;* REBOV, *Reston ebolavirus;* SEBOV, *Sudan ebolavirus;* ZEBOV, *Zaire ebolavirus.*](infdisjir306f03_ht){#fig3}

Plasma Membrane Localization of Ebola Virus Glycoprotein Is More Prominent in Human Compared With Bat Cells
-----------------------------------------------------------------------------------------------------------

Production of progeny particles requires that EBOV-GP and VP40 be transported to the site of viral budding, the plasma membrane. We compared the localization of these proteins in transfected HeLa cells, a human cervix carcinoma cell line particularly suitable for immunofluorescence studies, and in EpoNi/22.1 cells. In HeLa cells, ZEBOV-GP and REBOV-GP were mainly located at the cell surface and to a lesser extent within intracellular compartments ([Figure 4](#fig4){ref-type="fig"}*A*). GP was also detected at the cell surface of EpoNi/22.1 cells, but intracellular localization was more prominent, compared with that in HeLa cells ([Figure 4](#fig4){ref-type="fig"}). In addition, accumulation of GP in intracellular compartments was frequently detected in EpoNi/22.1 cells ([Figure 4](#fig4){ref-type="fig"}). However, this phenotype was not unique to EpoNi/22.1 cells but was also observed for potential reservoir cells, generated from *H. monstrosus,* and for nonreservoir cells, generated from *M. daubentonii* ([Figure 4](#fig4){ref-type="fig"}*B*). Finally, VP40 was found at the plasma membrane and distributed in the cellular cytoplasm in all cell lines tested ([Figures 4](#fig4){ref-type="fig"}*A* and [4](#fig4){ref-type="fig"}*B*). Collectively, there were no substantial differences in VP40 localization in human and reservoir cells, whereas plasma membrane localization of GP was more prominent in human than in reservoir cells.

![Plasma membrane localization of Ebola virus glycoprotein (EBOV-GP) is more prominent in human than in bat cells. *A,* HeLa and EpoNi/22.1 cells were transfected with the indicated EBOV-GP-EYFP or VP40--enhanced green fluorescent protein expression plasmids. Cells were fixed at 48 hours after transfection, and cellular distribution of GP and VP40 was determined by fluorescence microscopy. Similar results were obtained in 3 independent experiments. White scale bar represents 20 μm. *B,* EpoNi/22.1, MyDauLu/47.1, and HypNi1.1 cells were transfected and analyzed as in *A.* Similar results were obtained in 2 independent experiments. White scale bar represents 20 μm. REBOV, *Reston ebolavirus;* ZEBOV, *Zaire ebolavirus*.](infdisjir306f04_3c){#fig4}

*Zaire* *ebolavirus* Glycoprotein Mediates Entry Into Cells From Potential Reservoir and Nonreservoir Bat Species
-----------------------------------------------------------------------------------------------------------------

EBOV nucleic acid was found in 3 African bat species but not in several others, suggesting that only certain bats are susceptible to filovirus infection. Using VSV-based pseudotypes bearing EBOV-GPs, we assessed whether susceptibility of bats to filovirus infection may be restricted at the stage of viral entry. For this, infectivity-normalized VSV pseudotypes bearing VSV-G or EBOV-GPs were used for infection of bat cell lines. Pseudotypes bearing neither VSV-G nor EBOV-GP served as negative controls. Infectious entry of VSV-G--bearing control pseudotypes into all cell lines tested was readily measurable. ZEBOV-, SEBOV-, and REBOV-GP--driven infection of EpoNi/22.1 and HypNi/1.1 cells was also detected ([Figure 5](#fig5){ref-type="fig"}*A*). The latter were obtained from the potential reservoir species *H. monstrosus.* In general, the infectivity of pseudotypes was relatively low, and we suspected that the C-terminal V5 tag might be incompatible with efficient GP incorporation into VSV particles. We therefore used VSV pseudotypes bearing untagged ZEBOV-GP to clarify whether susceptibility to ZEBOV-GP--dependent entry is a characteristic of cells from reservoir species. These pseudotypes were indeed more infectious for the control cell lines Vero E6 and BHK-21 than were their counterparts with a V5-tag (data not shown), and infection of cells derived from the potential reservoir species *H. monstrosus* and *R. aegyptiacus* \[[@bib23]\] and nonreservoir bat species *M. daubentonii* was readily detectable ([Figure 5](#fig5){ref-type="fig"}*B*), indicating that receptor-GP interactions might not limit the susceptibility of bat species to EBOV infection.

![The glycoproteins (GPs) of the Ebola virus (EBOV) species Zaire, Sudan, and Reston mediate entry into potential reservoir and nonreservoir cells. *A,* The indicated cell lines were infected with vesicular stomatitis virus (VSV)--based pseudotypes bearing either VSV-G or EBOV-GPs as envelope proteins. The different pseudotypes were normalized to comparable titers on Vero E6 cells prior to infection of bat cells. Pseudotypes bearing no GPs were used as negative control (mock) and not normalized. Infectivity was determined by microscopy, detecting green fluorescent protein signals of infected cells. One representative experiment of 3 independent experiments is shown. White scale bar represents 200 μm. *B,* The indicated cell lines were infected as in *A*. Infectivity was measured by luciferase readout. The signals obtained for samples infected with pseudotypes bearing no GP (mock) were set as 1. Infection was performed in duplicate. One representative experiment of 3 independent experiments is shown. Error bars indicate standard deviation (SD). REBOV, *Reston ebolavirus;* SEBOV, *Sudan ebolavirus;* ZEBOV, *Zaire ebolavirus*.](infdisjir306f05_3c){#fig5}

*Zaire* *ebolavirus* Replicates in Bat Cells With High Efficiency
-----------------------------------------------------------------

Finally, we investigated whether the EpoNi/22.1 and HypNi/1.1 cells, which were susceptible to infection with EBOV-GP--bearing pseudotypes ([Figure 6](#fig6){ref-type="fig"}), allowed replication of infectious ZEBOV. The African green monkey--derived cell line Vero E6, which is routinely used to replicate filoviruses, was included as positive control. For this, cells were inoculated with ZEBOV and washed, and the median tissue culture infective dose of supernatants was determined at different points after infection. The virus replicated with high efficiency and similar kinetics in EpoNi/22.1 and HypNi/1.1 cells, and replication in these cell lines was faster, compared with that in Vero E6 cells. Thus, EpoNi/22.1 and HypNi/1.1 are highly permissive to EBOV infection and can be used as models for the analysis of EBOV interactions with cells derived from reservoir species.

![Efficient replication of Ebola virus in EpoNi/22.1 and HypNi/1.1 cells. The indicated cell lines were seeded in 6-well plates; infected in duplicate with Zaire Ebola virus (ZEBOV), Kikwit strain (multiplicity of infection of 0.1); washed; and cultured. Samples were taken at the indicated time points after inoculation, and their titers were determined by endpoint titration in Vero E6 cells, using the development of cytopathic effects as readout (TCID~50~, tissue culture infectious dose that leads to 50% cytopathic effects). Infectious titers were calculated from 3 replicates by the method of Spearman-Karber. The results represent the geometric mean titers obtained from 2 independent experiments. Error bars indicate standard deviation.](infdisjir306f06_lw){#fig6}

DISCUSSION
==========

We assessed whether biological processes associated with EBOV-GP expression in human cells also proceed in cells from African fruit bats, the potential reservoir of EBOV. We found that most EBOV-GP--induced processes occurred in human and potential reservoir cells with comparable efficiency. In addition, we found that reservoir and nonreservoir bat cells were susceptible to EBOV-GP--driven infectious cellular entry, indicating that the susceptibility of bat species to EBOV infection is not determined at the stage of viral entry. Collectively, these findings indicate that GP interactions with human cells and cells from potential reservoir species do not differ fundamentally.

Proteolytic activation of viral GPs by host cell proteases is often essential for infectious viral entry. The EBOV-GP has been shown to be activated by endosomal proteases, cathepsins B and L, during host cell entry \[[@bib9]\]. In addition, EBOV-GP was found to be cleaved in the secretory pathway of transfected or infected cells by furin \[[@bib37]\], a subtilisin-like endoprotease. In contrast to GP cleavage by cathepsins, GP processing by furin was found to be dispensable for viral spread in cell culture \[[@bib10]\] and in animals \[[@bib11]\], and the biological relevance of GP cleavage by furin is at present unclear. The EBOV-GPs tested here were cleaved in human and bat cells with similar efficiency, indicating that a bat homolog of furin processes EBOV-GP with efficiency comparable to that of its human counterpart. However, processing of the GPs of ZEBOV and SEBOV was clearly more efficient than cleavage of the GPs of CIEBOV and REBOV. The decreased cleavability of REBOV-GP was expected, because 2 arginines present in the furin consensus site of ZEBOV-, SEBOV-, and CIEBOV-GP are replaced by lysines in REBOV-GP \[[@bib37]\]. However, similar substitutions are not present in CIEBOV-GP, and the reasons for reduced cleavage are at present unclear.

Similar to the findings for GP cleavage, no profound differences in GP and VP40 localization in bat and human cells were observed. However, localization of GP at the plasma membrane, the site of viral budding \[[@bib38]\], was less pronounced in bat cells than in human cells, and accumulation of GP in intracellular compartments was more frequently observed in bat cells than in human cells. However, intracellular accumulation was observed in potential reservoir and nonreservoir bat cells and may thus not affect the viral host range.

The ability of EBOV-GP to augment budding driven by VP40 and to induce detachment of GP-expressing cells was also conserved between human and bat cells. Notably, the latter process was dependent on GP expression levels. Thus, when conditions of high GP expression were chosen (GP sequences contained in pCAGGS; [Figure 1](#fig1){ref-type="fig"}), all EBOV-GPs induced cellular detachment with similar efficiency in human and reservoir cells. In contrast, when GP was inserted in the commonly used plasmids pcDNA3.1 and pcDNA6, which was used in a previous analysis of GP-induced cellular detachment \[[@bib17]\], expression of CIEBOV- and REBOV-GP was barely detectable and both proteins were unable to induce cellular detachment. These findings highlight that cytopathogenic effects of GP leading to cell detachment occur only upon high expression, in agreement with results reported by a previous study \[[@bib39]\]. In addition, the comparable GP-dependent detachment of human and bat cells suggests that this process might not play a major role in EBOV pathogenesis.

The antiviral host cell factor tetherin inhibits the release of VP40-based virus-like particles \[[@bib40]\] and is counteracted by ZEBOV-GP \[[@bib16]\]. It can be speculated that tetherin could inhibit EBOV spread in the host and, in agreement with this hypothesis, we found that tetherin counteraction was conserved among all EBOV-GPs tested (Supplementary Figure 1). Antagonism of human tetherin by EBOV-GPs was much more pronounced in human, compared with bat, cells (Supplementary Figure 1), suggesting that the latter might lack a cofactor required for tetherin counteraction by EBOV-GP. Whether tetherin homologs are expressed in bat cells and exhibit antiviral function remains to be examined.

Sequences of EBOV have so far been detected in only 3 fruit bat species, *H. monstrosus,E. franqueti,* and *M. torquata.* Several parameters might determine permissiveness of bats to EBOV infection, one being GP interactions with receptors on the surface of host cells. Our results suggest that ZEBOV-, SEBOV-, and REBOV-GP can mediate entry into cells from potential reservoir species, which is remarkable for REBOV, because the virus should be adapted to Asian reservoir hosts, potentially also bats. In addition, our findings show that susceptibility to EBOV-GP--driven infection is not a feature unique to cells from potential reservoir species, in agreement with a previous study \[[@bib41]\], indicating that GP-receptor interactions do not limit the susceptibility of bat species for EBOV infection. Notably, the bat cell lines tested here were highly permissive to EBOV replication and can be used to study interactions of EBOV with cells derived from potential reservoir species. However, it remains to be examined whether they adequately model EBOV infection of primary cells or cells from other organs of potential reservoir species. In sum, EBOV-GP--mediated host cell entry does not limit EBOV infection to certain bat species, and cell lines from potential bat reservoir species can allow efficient EBOV replication. The latter finding is in agreement with a recent report revealing that Marburg virus readily replicates in a cell line established from the fruit bat *R. aegyptiacus* \[[@bib36]\], a suspected reservoir host \[[@bib42]\].

Supplementary Data
==================

Supplementary data are available at *The Journal of Infectious Diseases* online.
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